Summary
Introduction
There are two main causes of iron overload in man. The first is idiopathic haemochromatosis, a relatively uncommon hereditary defect of iron metabolism in which the regulation of iron absorption from the gut appears to be defective 111. The second is transfusional overload in patients with thalassaemia major and refractory anaemia. As only small amounts of iron are excreted from the body, iron derived from transfused erythrocytes accumulates progressively. Ferritin is the major iron storage protein in all tissues [21 and, normally, smaller amounts of storage iron may be found as haemosiderin, an insoluble degraded form of femtin 131. Both types of iron overload are characterized by an increase in the ferritin and haemosiderin content of tissues, especially in liver, spleen and heart, though haemosiderin levels eventually increase to a greater degree than those of ferritin 141.
In transfusional iron overload stainable iron is found in both reticuloendothelial and parenchymal cells whereas in idiopathic haemochromatosis less iron is present in the reticuloendothelial cells [5-71. Loss of acidic isoferritins has been reported in idiopathic haemochromatosis and Bantu siderosis but not in transfusional iron overload 18, 91, though this was not confirmed by Bomford et al. [lo] . In a previous study little difference was found between the isoferritins of normal tissues and those from patients with transfusional iron overload, apart from an increase in proportion of the more basic isoferritins of heart ferritin in iron overload [ 1 11. We are now able to present a more extensive, detailed investigation of iron and isoferritins in the tissues of patients with iron overload.
patients with homozygous P-thalassaemia, two patients with refractory anaemia who died with transfusional iron overload, one untreated patient with haemochromatosis who had a hepatoma and two haemochromatic patients who had been treated by phlebotomy. Three of the iron-loaded spleens from patients with thalassaemia were removed for therapeutic reasons.
Tissue iron estimation
Tissues were stripped of membranes and vessels, cut into small pieces and homogenized in 4 vol. of iron-free water in an MSE Ato-Mix homogenizer. A subsample was further diluted in iron-free water (1 : 5, v/v) and sonicated for 0.5 min at 20 pm amplitude. When only small fragments of tissue were available these were chopped into small pieces and homogenized in a Teflon pestle homogenizer before sonication. Non-haem iron was estimated by the method of Bruckman & Zondek [ 121, modified as follows.
To 1 ml of diluted homogenate was added 1 ml of 60% saturated sodium pyrophosphate and 1 ml of 15% trichloroacetic acid. After heating the mixture at 8OoC for 15 min and centrifugation at 2500 rev./min for 30 min the iron content of the supernatant was determined by a modification of the method of Young 
Purification of ferritin
Ferritin was purified by the method of Wagstaff et al. [141 but some of the ferritins, especially those extracted from kidney and heart, were difficult to purify. Final purification in this case was by polyacrylamide gel electrophoresis in 90 mm x 12 mm preparative tubes with the buffer system of Worwood ef al. 1151.
Fractionation of ferritin
Ferritin was separated into isofemtin fractions by ion exchange chromatography on DEAESephadex A50 1161. Where there were several peaks or shoulders, as with iron-loaded heart ferritin, fractions from these were used for further investigation. Where there was a single peak (majority of tissues) fractions were chosen arbitrarily from the leading edge, peak and trailing edge of the peak. The criterion for selection of the fractions was the ferritin protein concentration of that fraction. Thus, when large amounts of material were available, single fractions that were widely separated in terms in PI were selected. Otherwise, with smaller samples, single fractions near to the peak were chosen so as to give as much protein as possible for investigation. When only very small amounts of ferritin were available several fractions were pooled.
Isoelectric focusing
Analytical isoelectric focusing was performed in the Pharmacia FBE 3000 flat bed apparatus (Pharmacia Fine Chemicals, Hounslow, Middlesex, U.K.). Glass plates (80 mm x 80 mm) were coated with Silane A174 (Pharmacia) according to the suppliers' instructions. Cells were formed using one coated and one uncoated plate separated on three sides with a sixfold thickness (approx. 0.75 mm) of Parafilm (Gallenkamp, London) 4 mm in width. Gels (4-5% acrylamide specially purified for electrophoresis, BDH Chemicals Ltd, Poole, Dorset, U.K.) were cross linked (C = 15%) with NN'-diallyltartardiamide (BDH Chemicals Ltd) [17] and contained 2.6% ampholyte (LKB Instruments Ltd, South Croydon, Surrey) as a mixture of pH 5-7, 4-6 and 3 -5-10 in the proportion 7 : 5 : 1 and 25 pl of NNN'N'-tetramethylenediamine (BDH). Ammonium persulphate (Sigma Chemical Company, Poole, Dorset, U.K.; 50 pl of 10% solution) was added after degassing. Ten millilitres were sufficient for two plates. The mixture was introduced into glass cells and overlaid with distilled water. After polymerization had occurred the two plates were separated, the gel adhering to the coated plate. The gel plates were loaded on to the cooling platform of the focusing apparatus over 1% Triton X-100 (Sigma) to ensure good contact. The apparatus was cooled with running tap water. Foam plastic electrode strips (Pharmacia; 5 mm x 2 mm x 50 mm) were soaked in H,PO, (1 mol/l) (anode) and NaOH (1 mol/l) (cathode) and placed parallel on the gel about 2 mm from the edge. Samples were applied on Whatman no. 17 filter paper, 15 pg for iron staining and 7.5 pg for protein staining. Gels were run for 1 h at 10W/plate, with an LKB 2103 power supply. Fixation and staining for iron and protein were carried out as described pre- 
Results

Iron and ferritin content of tissues
All tissues were not available in every case; only in patient no. 2 were all organs examined. In some cases there were only small amounts of tissue.
The amount of non-haem iron in the normal tissues varied considerably (Tables 1-3) but overall the highest concentration was in the spleens, the order of decreasing amount being spleen (Spl) > liver (Lv) > kidney (Kd) > heart (Ht). In iron-loaded tissues the picture changed, the liver gaining relatively more non-haem iron than the spleen, so that the order of iron loading became Lv > Spl > Kd > Ht, though figures were available for only one kidney and one heart. One liver from a treated haemochromatotic patient (no. 5 ) contained normal amounts of non-haem iron but the other (patient no. 4) was between that of the normal and iron-loaded patients. The non-haem iron content of the hepatoma was only one-fifth of that of the parent tissue.
The ferritin content of the livers and spleens, as measured by the spleen ferritin assay, showed a different trend from the iron content (Tables 1  and 2 ). Normal spleens contained more ferritin per unit weight (0.578 mg/g of wet tissue) than did the livers (0,316 mg/g of wet tissue). The mean ferritin content of the iron-loaded spleens (4.00 mg/g of wet tissue) was similar to that of the livers (4.41 mg/g of wet tissue). The hepatoma contained less than half the amount of ferritin (0.845 mg/g of wet tissue) than the liver from which it was taken (1.84 mg/g of wet tissue) and only one-fifth the concentration of iron ( Table 1) . Of the two treated haemochromatotic patients, one (no. 5 ) had concentrations of ferritin (0.085 mg/g of wet tissue) at the lower end of the normal range, whereas the other (patient no. 4) had concentrations (0.88 mg/g of wet tissue) between those of the normal and iron-loaded livers. An iron-loaded heart contained a higher concentration of ferritin with both spleen (0.138 mg/g of wet tissue) and heart (0.968 mg/g of wet tissue) ferritin assays than did the normal hearts (spleen assay, 0.009 mg/g of wet tissues; heart assay, 0.124 mg/g of wet tissue) (Table 3) . A similar pattern can be seen with the kidney ferritins ( Table 3) .
The ratio of iron to ferritin in iron-loaded livers and spleens showed a marked increase when compared with that for the normal tissues. It is assumed, as only a small proportion would be accounted for in ferritin, that this was due to the deposition of haemosiderin in the tissues. The higher mean iron/ferritin ratios in iron-loaded livers (2.54:l) as compared with the spleens (0.82: 1) implied that a greater proportion of iron is present as haemosiderin. The iron/ferritin ratios of the livers from the treated haemochromatotic patients were between those of the normal and iron over-loaded patients, suggesting that mobilization of the haemosiderin iron can occur on treatment. In patient no. 5, however, the ratio was quite high (0.98) relative to the non-haem iron content of the liver (0.083 mg/g of wet tissue), suggesting that the release of haemosiderin iron may be slow. In the hepatoma the irodferritin ratio (1.2 : 1) was lower than that in the parent liver (2.8:1), in keeping with the degree of iron-loading. Estimation of liver and spleen femtins is quite valid with the spleen femtin assay as the results approximate to the protein values obtained by the Lowry et al. method [211. As the spleen assay gives low values (relative to protein content) witli heart and kidney ferritins, the heart ferritin assay giving low values with kidney femtin and being dependent on the distribution of isofemtins in heart, one cannot make the same comparisons with these tissues.
PuriJied u$ractionated ferritin
On anion-exchange chromatography the mean chloride concentration at the position of maximum elution for the femtins from the iron-loaded liver (0.185 mol/l) suggested that they were slightly more basic than the normal liver ferritins (0.200 mol/l), but there was a certain amount of overlap. The kidney ferritins also overlapped and there was a similar slight change towards more basic isoelectric point (PI). However, the ironloaded spleen ferritins appeared to be more acidic than normal spleen ferritins. In liver, spleen and kidney there was probably no significant difference between ferritin from iron-loaded and normal subjects. There was a slightly greater difference in the heart ferritins, those extracted from iron-loaded hearts being more basic (0.279 mol/l) than those from normal hearts (0.300 mol/l), but again there was a certain amount of overlap. Differences in the ion-exchange characteristics between the ferritins from different tissues were more striking than the differences between ferritin within a particular tissue in both normal and iron-loaded subjects. The acidity of the ferritins was in the decreasing order Ht > Kd z Spl(= Lv).
There was little or no difference in the electrofocusing profiles of normal and ironloaded livers, spleens and kidneys. Iron-loaded heart femtin had a wider range of isofemtins than normal heart fenitins, the additional species being towards the basic end of the spectrum. This is in keeping with earlier findings 1111. The hepatoma ferritin had an isofemtin profile similar to that of liver femtin but with a small proportion of additional, more acidic isoferritin bands.
Values for femtin and immunoreactivity in some of the liver and spleen femtins are not included in Tables 1 and 2 as they had been stored for several months and it was found that several of the femtins had unexplained very low immunoreactivities with spleen ferritin antibody, a phenomenon not experienced in this laboratory before or since. These femtin samples were not infected and there was no measurable change in the other properties of the samples. The femtin levels listed in Tables 1-3 were from assays carried out within a few weeks of purification.
There was little difference in immunoreactivity in the spleen and heart assays between ferritin from normal and iron-loaded livers. There was only a single value for normal spleen ferritin to compare with the iron-loaded spleen ferritins but the figure was in the same region as one of the iron-loaded samples. There was one spuriously high heart ferritin assay in patient no. 11 (immunoreactivity = 0.412). The assay values for both liver and spleen femtins were on the low side (reactivities: mean liver = 0.934, mean spleen = 0.795). The reactivity should be 1.0 for spleen femtin in iron-loaded patients as the standard used in this laboratory is such a ferritin. The iron-loaded kidney ferritins had a mean immunoreactivity of 0.300 with the spleen assay and 0. 191 with the heart assay, compared with 0.662 and 0.102 respectively for normal kidney ferritins. The heart ferritins showed little difference in immunoreactivity with the heart assay (mean normal heart = 0.636, mean iron-loaded heart = 0.644) but with the spleen assay iron-loaded heart femtin showed a higher immunoreactivity (mean = 0.405) than the normal hearts (mean = 0.071) with a fivefold difference in the heart to spleen ratio.
In all the tissues the mean iron content of the femtin from iron-loaded patients was higher than that from normal subjects (Table 1-3) . This was particularly noticeable in the heart, liver and spleen femtins, although one iron-loaded heart femtin had a comparatively low iron content (patient no. 1, Fe/protein 0.180), and one normal heart ferritin (patient no. 14, Fe/protein = 0.285) had a high iron content.
Generally There was only a slight difference in the rate of iron uptake between the iron-loaded (mean tt = 6.5 min) and normal (mean t+ = 5-7 min) liver apoferritins but the individual results were inconsistent. Only one value was available for ironloaded kidney apoferritin (tt = 2.4 rnin), making comparisons dimcult, but it was almost half that of the normal kidney apoferritins (tt = 4.1 min).
There was less scatter of results with spleen and heart apoferritins. Iron-loaded (mean tt = 4-1 min) and normal (mean tt = 4.4 min) spleen apoferritins had a similar rate of iron uptake but the normal heart apoferritins (mean tt = 2.0 min: range 1-8-2.2 min) took up iron more rapidly than iron-loaded heart apoferritins (mean tt = 3.0 min: range 2.5-3-3 min). As before i l l 1 the heart and kidney apoferritins had hyperbolic curves whereas the liver curve was frankly sigmoid. The spleen apoferritin uptake curves were less sigmoid than the liver apoferritin curves. There was a possibility that the initial rate of iron uptake of heart apoferritin was in reality sigmoid but that this was masked by the rapid + rate of reaction. Hence the rate of uptake was slowed by reducing the concentration of a normal heart apoferritin to 22.7 pg/ml and the added iron to 480 atomdferritin molecule. The rate of iron uptake approximated to that of liver apoferritin but the uptake curve was still hyperbolic. The rates of iron uptake for apoferritins from different tissues were in the descending order Ht
Properties of ferritin fractions separated by ion-exchange chromatography
The effectiveness of fractionation depended on the particular tissue, degree of iron loading (in heart ferritin) and the amount of protein available. Thus the fractionation of iron-loaded spleen (patient no. 2; Fig. 1 ) and heart ferritins (patient no. 2; Fig. 2) , where widely separated fractions were taken, showed moderate separation of isoferritin bands except for fractions nos. 3 and 4 of the heart ferritin ( Fig. 2) . There were only small amounts of a normal heart ferritin (patient no. 19) and an iron-loaded kidney ferritin (patient no. 14) and the three fractions that were taken from each were pools of several tubes from the ion-exchange chromatography close to the elution peak. These showed poor separation of isoferritin bands.
With both heart and spleen assays the immunoreactivity of the sample was related to PI Fro. 2. Characterization of four isoferritin fractions prepared by anion-exchange chromatography from iron-loaded heart ferritin (patient no. 2). On isoelectric focusing it can be seen that the most basic fraction (1) was well separated from the second fraction. Fractions 2 and 3 were less well separated and fractions 3 and 4 poorly separated. This is reflected by the rate of iron uptake and subunit analysis, where fractions 3 and 4 were barely differentiated. However, the two fractions could be distinguished by their iron contents and immunoreactivity with heart and spleen ferritin antibodies. Note the sigmoid shape of the iron uptake curve in fraction 1.
except for two poorly-separated heart ferritins (nos. 12 and 14), in which there was a slight fall in the most acidic fraction with the heart assay.
There were no anomalies with the spleen ferritin assay. Fig. 3(u) and 3(b) show the relationship between immunoreactivity (heart and spleen assay) and isoelectric point. There was no significant difference between normal and ironloaded tissues with the spleen ferritin assay. An examination of Fig. 3(u) suggests that there are two populations of ferritin reacting in the heart fcrritin assay. However, this cannot be attributed to a difference between normal and iron-loaded tissues as analysis of the regression lines between these two groups showed that there was no significant difference (P > 0.05).
In most samples the iron content increased with decreasing PI, exceptions being in one liver ferritin out of six fractionated, three out of six spleen ferritins and one out of six heart ferritins (Fig. 4) . The iron content of the three kidney ferritins fractionated correlated with PI. The anomaly in each case consisted of a fall in iron content in the most acidic fractions. In all tissues the most basic isoferritin fractions contained the least iron. It was not possible to relate iron content and PI directly between tissues as the iron contents of the unfractionated ferritin varied widely. The iron content of the isoferritin fractions of liver and spleen ferritins was expressed as a proportion of the iron content of the corresponding unfractionated ferritins (Fig. 5) . The correlation coefficient (linear regression) was calculated with these figures and demonstrated a close relationship between PI and iron content (total, n = 37, r = 0.654, P < 0401; iron-loaded, n = 18, r = 0.850, P < 0-001; normal, n = 19, r = 0.413, P < 0.05). Ferritins of widely differing PI could not be included in the calculations as, for example, the more basic fractions of heart ferritin, which contain the least iron, were similar in PI to the more acidic fractions of liver ferritin, which generally have the most iron. Liver and spleen ferritins have a similar PI range.
Seventeen ferritins which had been fractionated were analysed for subunit composition. In 12 ferritins there was a relationship with anionexchange affinity, the most acidic fractions having the highest H subunit content and the most basic fractions the lowest. In the other five there was a single value for each set of fractions that did not fit the general. pattern. Of these five ferritins, four were from liver or spleen and had a low H subunit content which increased the error when scanned in the densitometer. There was good overall correlation between PI and H subunit content (Fig. 34. The rate of iron uptake was measured in ten sets of apoferritin fractions. In nine sets there was a close relationship with PI, the most acidic fractions having the highest velocity of uptake and the most basic fractions having the lowest. In the one exception, the middle fraction had a slightly lower rate of uptake than the most basic fraction. Two of the sets of results in which PI and rate of iron uptake correlated were from ferritins which, before dithionite reduction, showed a fall in iron content in the most acidic fraction. Overall the correlation with PI was good (Fig. 3 4 .
In order to demonstrate differences in proper- There was good correlation between PI and each of the four characteristics ( Table 4) .
ties of isoferritins it is necessary to separate the isoferritins cleanly. However, on some occasions protein obtained from ion-exchange columns differed little in isoferritin distribution. Not surprisingly such fractions showed only small differences in properties. Fig. 2 illustrates this point. Four fractions were prepared from the heart ferritin of patient no. 2. In the three most basic fractions the isoferritins were well separated but not so in fractions nos. 3 and 4. Immunological differences and differences in iron content could be detected between all fractions but the subunit composition and the rate of iron uptake showed little difference between fractions nos. 3
and 4. Correlation between PI and immunoreactivity, subunit composition and iron uptake kinetics was good and correlation coefficients were calculated for all permutations of these four parameters (Table 4) and there was a high degree of inter-relationship.
Discussion
In the normal tissues ferritin accounts for most of the non-haem iron. With increasing iron load the ferritin content of the liver and spleen increases but not to the same degree. This implies that haemosiderin deposition is increased in iron overload in those tissues. This is in keeping with the finding of others. Morgan & Walters 141 observed that where liver iron concentrations were less than 500 pg/g of tissue, the haemosiderin content was less than the fertitin but with iron concentrations greater than loo0 pg/g the ratio was reversed. Similarly, Torrance et al. found a marked increase in the haemosiderin content of livers when the iron was in excess of lo00 p g / g of tissue (wet weight). There is very little published information comparing the amount of haemosiderin in liver and spleen cases of human iron overload. Bothwell & Bradlow [241 found equivalent amounts of iron in mild iron overload in Bantu subjects but in moderate iron-overload splenic iron concentrations exceeded liver iron concentrations. This was associated with large amounts of stainable iron in the spleens. There is an implication that the haemosiderin iron concentration of spleens was greater than that of livers but in the present study the opposite relationship has been found: haemosiderin deposition being apparently higher in the iron-overloaded livers than the spleens. However, in patients with iron overload mean nonhaem iron concentration of the livers is higher than in the spleens. There was liver and spleen from the same patient (no. 2) in only one case of iron overload, but the non-haem iron concentration of the liver was four times that of the spleen. The percentage of iron attributed to haemosiderin was also much greater in the liver than in the spleen. The single iron-loaded heart and kidney were also from patient no. 2 but ICI I (mol/l) at the elution peak of ferritin. t lmmunoreactivity calculated as a ratio of ferritin determined by the immunoradiometric assay and by the Lowry method 12 I I.
i H subunit composition as a % o f H + L subunits.
I , (min).
contained only modest amounts of iron compared with the liver and spleen. There was still considerably more than in the normal tissues and the iron could be accounted for as ferritin. Ferritin iron is rapidly mobilized when required but haemosiderin is not so readily mobilizable and may persist even when haemoglobin synthesis is limited by the availability of iron [251. Similarly, during venesection therapy for haemochromatosis, though iron may be readily removed from the liver initially, final exhaustion of haemosiderin iron stores may be slow [261. Though the non-haem iron content of the liver from the untreated haemochromatotic patient (no. 3) was lower than that in the livers of the two patients with transfusional iron-overload, there appeared to be a considerable amount of haemosiderin present. The iron stores of one treated patient (no. 4) were above the normal range, whereas those of the other patient (no. 5 ) were normal. However, the haemosiderin levels in both patients were intermediate between those of normal and untreated haemochromatotic liver. This suggests slow mobilization of the haemosiderin iron, especially in the patient with normal iron stores.
The iron content of the hepatoma was only about a fifth of the iron content of the liver from which it was taken. It is known that the iron concentration of hepatomas is low in rats 1271 and man 128, 291. A particularly interesting feature of the hepatoma (3A) ferritin is its low iron content, which is less than the mean value for iron in normal livers despite higher iron and ferritin concentrations in the hepatoma tissue compared with the normal livers, also a finding of Bullock et al. [301. This may reflect the increased demand for iron in the dividing hepatoma cells causing the localized depletion of ferritin iron.
Apart from the higher iron content of the ferritins extracted from iron-overloaded livers, spleens and kidneys, there was little to distinguish them from normal tissue ferritins. The profiles on isoelectric focusing, ion exchange and immunological properties, subunit composition and iron uptake characteristics were, apart from the occasional anomaly, similar for both normal and iron-loaded tissues. Ferritin extracted from ironloaded hearts, however, was quite distinct from normal heart ferritin. The PI (overall) of the iron-loaded heart ferritin was higher, the ratio of anti-heart to anti-spleen reacting ferritins lower, the H subunit content lower and the rate of iron uptake slower, than the normal heart ferritin. All these findings can be accounted for by the relatively greater synthesis of more basic isoferritins. There have been similar findings in heart ferritin in haemochromatosis [&lo], transfusional iron overload [ 10, 111 and liver ferritin from rats loaded with iron 13 11. However, this is not always the rule as in Chang cells [321 and lymphoblastoid cell lines (A. M. Conway, A. Jacobs, A. M. Mannings & M. Wagstaff, unpublished observations), both derived from human sources, acidic isoferritins are synthesized under the influence of added iron. Thus it would appear that isoferritin response to iron is cellspecific. The relationship between the isoferritin patterns and minor changes in iron content is much more tenuous and no conclusions will be drawn from the small number of comparative results presented here, except that a gross increase in tissue iron concentration is needed to cause small differences in isofemtin composition in the hearts of patients with transfusional iron overload.
The results of the various investigations into the ferritin fractions isolated by ion-exchange chromatography do not add greatly to the comparison of normal and iron-overloaded tissues, as there are few differences that cannot be seen in the unfractionated ferritins. They are, however, relevant to the structure of isoferritins. There is good correlation ( Table 4 ) between PI and immunological reactivity, the rate of iron uptake and subunit composition (Fig. 3) . Multiple correlations between the combined values for iron-loaded and normal tissues show a high degree of significance, as do those for normal and iron-loaded tissues alone. The good correlation between subunit corrposition and all other parameters is particularly interesting as it has been suggested that the H subunit is an artifact of degradation, the 22 OOO molecular weight polypeptide arising from dimerization of an 11 000 molecular weight fragment 1331. There must be an equivalent 7000 molecular weight fragment which must also be present in high proportion in acidic ferritins. We have examined many subunit analyses on human ferritins and the amount of the 7OOO molecular weight fragment has always been small even in acidic heart ferritins. Furthermore, it is low in quantity in ferritins purified in the presence of phenylmethylsulphonyl fluoride (PMSF) (M. Wagstaff & S. W. Peters, unpublished observations) or with an ultracentrifugation step, and the concentration of H subunits is unaffected. The evidence presented here does not therefore, support the suggestion that the H subunits are formed from degradation products.
In an earlier investigation it was found that the iron content of pooled liver isoferritin fractions was related to p1 1111. There was a statistically significant relationship between PI and iron content in the present study but in several ferritins there was a fall in iron content in the most acidic isoferritin fractions. This could not be explained by poor separation of the fractions or by experimental variation especially as the iron estimations were more precise than the other measurements. There are probably therefore other facts which affect the distribution of iron in isofemtins. Others [29,341, have also shown that the iron content of human liver and spleen ferritin increases as they become more acidic. In horse spleen ferritin there is a reverse situation, the iron content paralleling the PI [341.
No such relationship exists in rat liver ferritin, where there was only a slight relationship between PI and iron content [351. Moreover, there was a range of iron contents in discrete bands separated by preparative isoelectric focusing.
The rapid rate of iron uptake in acidic isoferritins of human ferritins compared with that of basic isoferritins led to the assumption that the iron content and rate were related to PI 11, 351. In horse ferritins there is the reverse situation. The rate of iron uptake was most rapid in the most basic fractions whereas the most acidic fractions took up iron relatively slowly [341. In horse heart, however, which had a higher PI than horse spleen ferritin but a lower iron content, the rate was low. It was concluded that the rate of iron uptake was related not to PI but to the original iron content. Subsequently there have been similar findings in rat liver ferritin [351.
Although the results of Wagstaff et al. [ 111 for human ferritins could be interpreted in this way the present study suggests otherwise. In the majority of the experiments on isoferritin fractions from the same tissue the rate of iron uptake was related to original iron content as well as PI. However, in liver, spleen and kidney, where there was no difference in PI between ferritins extracted from normal and iron-loaded tissues, there was no relationship between the rate of iron uptake and the original iron content. The only consistent difference was in the mean rate of iron uptake between tissue ferritins of different PI. We conclude therefore that in human ferritins iron content and rate of iron uptake are related to PI and not the original iron content of the tissue.
